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INTRODUCTION 
Close	 to	 the	Earth’s	surface,	over	continental	
regions,	 the	 ionizing	 radiation	 is	mainly	 due	 to	
the	 radioactive	 materials	 from	 Earth’s	 surface	
and	 galactic	 cosmic	 rays	 of	 extraterrestrial	
origin	 that	 leads	 to	 the	 ionization	of	 air	 (1).	 The	
rocks	 and	 soil	 in	 the	 solid	 earth	 contain																																
radioactive	 elements	 such	 as	 uranium,	 radium,	
thorium,	etc.	and	their	concentrations	vary	from	
region	to	region.	Within	the	planetary	boundary	
layer,	 radiation	 from	 radioactive	 gases	 such	 as	
radon	exhaled	from	the	Earth’s	surface	and	their	
progeny	 predominantly	 ionize	 the																																											
atmosphere	(2-4).			
Radon	 is	 a	 long	 lived	 gas	 product	 of	 the																										
natural	 radioactive	 decay	 of	 radium	 that	 is	 the	
decay	 product	 of	 primordial	 radioactive	 nuclei																									
uranium,	 which	 occurs	 naturally	 in	 the	 earth's	
crust.	 	The	principal	decay	modes	and	half-lives	
of	222Rn	and	its	short-lived	progeny	in	order	are	
222Rn-α,	3.82	days;	218Po-α,	3.05	m;	214Pb-β,	26.8	
m;	214Bi-	β,	19.7	m	and	214Po-	α,	200	ms,	of	major	
concern. The	radiations	such	as	α,	β	and	γ	were	
emitted	 during	 the	 decay	 of	 radon	 and	 its	
progeny	 cause	 ionization	 in	 the	 atmosphere.		
Radon	 decay	 products	 tend	 to	 collect	 on	 the	
aerosol	 particles	 in	 the	 atmosphere	 and	 when	
inhaled,	 the	 dose	 for	 the	 respiratory	 tract	 and	
the	 lungs	 is	 predominantly	 caused	 by	 the	
deposition	 of	 radon	 progeny	 attached	 to	
aerosols.	The	α-particles	emitted	by	the	decay	of	
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ABSTRACT 
Background: The varia	on of the radon progeny concentra	on in outdoor 
environment and meteorological parameters at ﬁne resolu	on were studied 
for one year at a con	nental loca	on, Na	onal Atmospheric Research 
Laboratory, Gadanki, India.  Materials and Methods: The concentra	ons were 
measured using Alpha Progeny Meter by collec	ng air samples at a height of 
1 m above the Earth’s surface at a known ﬂow rate. Results: Radon progeny 
concentra	on shows temporal varia	ons on diurnal and monthly scales, and 
is due to mixing in the atmosphere.  Peak in the early morning hours and low 
values during a*ernoon compared to nigh+me are due to diﬀeren	al heat 
contrast between earth’s surface and its atmosphere. However, the ac	vity 
during February shows maximum compared to June/July months.  The diurnal 
varia	on of radon progeny shows posi	ve correla	on with the rela	ve 
humidity and nega	ve correla	on with ambient temperature.  The monthly 
mean ac	vity of radon progeny for the year 2012 was found to be 4.76 ± 0.73 
mWL. Conclusion: The mean concentra	on of radon progeny in the study 
region is rela	vely high compared to the other loca	ons in India and may be 
due to the rocky terrains and trapping of air-masses near the observa	on site 
due to its topography.     
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deposited	 radon	 daughters	 interact	 with	 the	
sensitive	 lung	 tissues,	 and	 of	 prolonged	
exposure	may	lead	to	malignant	transformation,	
which	may	results	in	lung	cancer	(5-9).	
Radon	 (222Rn)	 atoms	 from	 the	 terrestrial																										
radio	 nuclide	 238U	 are	 transported	 through	 the	
subsoil	 pore	 spaces	 and,	 while	 an	 amount	 of	
them	will	decay,	the	rest	will	be	released	into	the	
atmosphere.	 The	 amount	 of	 radon	 depends	 on	
the	 amount	 of	 238U	 in	 the	 ground	 and	 is																												
in8luenced	by	 the	 type,	 porosity,	 dampness	 and	
temperature	of	the	soil	cover.		Radon	has	a	long	
half-life	 of	 3.823	 days.	 However,	 its	 decay																												
products	are	typically	short-lived,	so	they	follow	
the	 distribution	 of	 radon.	 	 The	 only	 long-lived	
product	 is	 210Pb	 with	 a	 half-life	 of	 22.3	 years.										
Radon	and	its	short-lived	daughters	218Po,	214Pb,	
214Bi	 and	 214Po	 are	 also	 valuable	 as	 natural																										
tracers	 in	 the	 troposphere,	 in	 particular	 at	 the	
boundary	 layer	 near	 to	 the	 ground.	 In	 the																												
present	 study,	 the	 importance	 is	 given	 only	 to	
the	alpha	emitting	radon	progenies	i.e.	218Po	and	
214Po.	 	 Due	 to	 the	 inhalation	 of	 progenies	 and	
high	 ionization	 power	 of	 α-particles	 emitted													
during	 decay,	 the	 existence	 of	 progenies	 may	
damage	the	lung	cells	to	a	greater	extent	(10).				
Even	 though,	 the	 extensive	 study	 on																																								
atmospheric	 aerosols	 has	 been	 conducted	 at																		
National	 Atmospheric	 Research	 Laboratory,	
Gadanki,	which	 is	a	rural	site	and	 free	from	the	
anthropogenic	 activities.	 	 The	 measurement	 of	
radon	 and	 aerosol	 attached	 radon	 progeny																							
concentrations	 were	 not	 reported	 till	 date.		
Hence,	 in	 2012,	 a	 campaign	 was	 conducted	 to	
study	 the	 activity	 concentrations	 of	 aerosol																											
attached	radon	progenies	and	 its	behavior	with	
associated	 meteorological	 parameters.	 This																								
paper	presents	the	preliminary	results	obtained	
in	 2012,	 with	 an	 intention	 to	 extend	 our																																	
understanding	 of	 the	 activity	 of	 aerosols																											
attached	 radon	 progeny	 concentrations	 in	 the	
typical	tropical	region	in	relation	to	the	weather	
parameters	and	their	correlation.	
	
	
MATERIALS	AND	METHODS	
	
Methodology	and	study	area	
The	 alpha	 emitting	 radon	 progeny																																					
concentrations	 that	 were	 attached	 to	 aerosols	
were	 measured	 using	 Alpha	 Progeny	 Meter																					
developed	 by	 Saphymo	GmbH	 (formerly	 known	
as	 Genitron	 Instruments,	 Germany)	 (8igure	 1).		
Air	 is	 drawn	 through	 a	 glass	 micro-8iber	 8ilter	
paper of	 pore	 size	 0.5	 μm	with	 a	 constant	 8low	
rate	 of	 2	 liters	 per	 minute	 and	 alpha	 counted	
using	 CANBERRA	 made	 CAM300AM																																											
semiconductor	 detector	 unit	 with	 a	 sampling	
frequency	 of	 10	minutes.	 The	 air	 8low	 rate	 and	
sampling period	 were	 maintained	 constant	
throughout	 the	 campaign.	 	 At	 the	 end	 of	 the															
sampling	 period,	 the	 accumulated	 alpha	 counts	
are fed to	the	acquisition	system	 (11).	 	The	alpha	
activity	 of	 radon	 progenies	 were																																
expressed	 in	Working	 Level	 (WL),	 where	 1	WL	
corresponds	 to	 potential	 alpha	 energy	 of	 all	
short-lived	radon	daughters	 in	equilibrium	with	
radon	concentration	of	3700	Bq	m–3	(12).   	
Continuous	 observations	were	 carried	 out	 at	
the National	 Atmospheric	 Research	 Laboratory	
(NARL),	 Gadanki	 (13.5	 0N,	 79.2	 0E),	 a	 rural																					
tropical	warm	location	in	peninsular	India,	about	
2	km	away	 from	main	 residential	 areas	with	no	
major	industrial	activities.	The	locative	map	and	
topography	 of	 NARL	 is	 shown	 in																												
8igure	 2,	 respectively.	 Gadanki	 region																																					
experiences both	 summer	 (Southwest)	 and																							
winter	 (Northeast)	 monsoons.	 Overall	 wind																								
direction	 was	 southerly	 and	 southeasterly																								
during	 April,	 westerly	 from	 May	 to	 September	
and	 northeasterly	 during	 October	 and																															
November	(13).	
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Figure 1. Typical alpha progeny meter (Saphymo GmbH).  
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RESULTS	AND	DISCUSSION	
	
The	 observed	 diurnal	 variation	 of	 radon																
progeny	concentration	at	a	height	of	1m	above	
earth’s	 surface	 is	 shown	 in	 8igure	 3.	 The																												
concentration	 is	 observed	 for	 some	 of	 the	
typical	 days	 covering	 all	 the	 seasons	 and	 the																																	
concentration	 shows	 peak	 during	 the	 early	
morning	hours	(04–09	hrs	of	 IST)	and	minima	
during	afternoon	hours	(14-18	hrs	of	IST).	The	
higher	activity	of	radon	daughters	in	air	during	
morning	at	the	ground	level	may	be	attributed	
to	 the	 formation	 of	 temperature	 inversion,	
which	 traps	 the	 atmospheric	 constituents	
including	 radon	 progenies	 within	 planetary	
boundary	layer	and	minimum	concentration	in	
the	 afternoon	 hours	 is	 mainly	 because	 of	
increased	vertical	mixing	and	rising	of	aerosols	
to	 the	 higher	 altitudes	 due	 to	 raise	 in	
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Figure 3. Diurnal varia	on of radon progeny concentra	on in diﬀerent seasons. Dark line is running average of 6-points for         
every hour. 
Figure 2. Loca	on of NARL, Gadanki, India. 
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temperature	 of	 the	 atmosphere.	 The	 rapid	
8luctuations	 in	 the	 concentrations	 were	 due	 to	
local	 variations	 in	wind	 speed	and	direction	 (14,	
15).	 It	 varies	 from	month	 to	month	or	 season	 to	
season	depending	on	the	weather	condition	and	
the	 exhalation	 rate	of	 radon.	The	 concentration	
will	be	relatively	high	during	stable	atmosphere	
in	 nighttime	 compared	 to	 the	 unstable	
atmosphere	during	daytime	due	 to	 the	onset	of	
convection	because	of	solar	activity.	The	similar	
reasons	 were	 attributed	 to	 the	 days	 of	 winter	
compared	 to	 the	 summer	 seasons.	 However,	
during	 rainy	 season	 several	 parameters	 will	
in8luence	 including	 the	 washout	 of	 radon	
progeny	due	to	precipitation	and	minimizes	the	
buildup	of	radon	near	to	the	earth’s	surface	(16).		
The	 8igure	 4	 shows	 the	 variation	 of	 hourly	
averaged	radon	progeny	concentrations	with	the	
ambient	 temperature	 for	 a	 typical	 day	 in	 the	
month	 of	 February.	 The	 trend	 observed	 is	 as	
usual	 and	 has	 the	 same	 reasoning	 explained																					
before	 for	 its	 peak	 in	 the	 morning	 hours	 and	
minimum	 during	 noon	 hours.	 In	 addition,	 the	
variation	 of	 temperature	 and	 relative	 humidity	
are	 also	 plotted	 in	 the	 same	 graph	 to	 see	 their	
dependences	on	each	other	and	its	 in8luence	on	
progeny	 concentration.	 The	 concentration	 of	
radon	progeny	ranges	from	1	to	24	mWL	and	is	
shows	signi8icant	diurnal	variations	of	the	order	
24	 for	10-minutes	 sampling	whereas	 for	hourly	
averages	 it	 varies	 from	 5	 to	 17	 mWL	 with	 a																			
magnitude	 of	 4-fold	 variation.	 The	 average	 for	
longer	 period	 minimizes	 the	 8luctuations	 but	
maintains	the	trend	in	the	variation	of	any	of	the	
parameters,	 for	 example,	 radon	 progeny.	 The	
observed	 values	 of	 the	 same	 order	 as	 observed	
elsewhere	(7,	17).		
One	can	clearly	see	an	anti-correlation	(43%)	
between	 radon	progeny	 and	 temperature	 and	a	
positive	 correlation	 (55%)	 with	 relative	
humidity.	 It	 reveals	 that	 the	 diurnal	 change	 in								
temperature	 and	 relative	 humidity	 has	 strong	
bearing	 on	 the	 variations	 of	 radon	 progeny	
concentrations	near	to	the	earth’s	surface	trend.	
This	positive	correlation	may	be	attributed	to	the	
increase	in	the	concentration	of		attached			radon	
progeny	 in	 air	 as	 the	 content	 of	 water	 or	
humidity	 in	 the	 lower	 atmosphere	 increases.	
This	may	 be	 due	 to	 the	 reason	 that	 the	 aerosol	
particles	 that	 carry	 radon	 daughters	 upward	
have	been	known	to	be	hygroscopic	in	nature	(12).	
Hence,	 it	 reveals	 that	 the	 diurnally	 change	 in	
temperature	 at	 the	 ground	 level	 has	 a	 direct	
impact	 on	 the	 radon	 progeny	 concentration	 in	
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Figure 4. Varia	ons of radon progeny concentra	on with ambient temperature and rela	ve humidity. 
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CONCLUSION 
 
In	 the	 present	 study,	 the	 observed																																					
concentration	 of	 aerosol	 attached	 radon																								
progenies	 is	 higher	 during	 early	 morning	 and	
night	 hours	 due	 to	 strong	 temperature																													
inversions	and	lower	in	the	afternoon	hours	due	
to	 increased	 vertical	 mixing	 of	 air	 particulates.		
Nocturnal	accumulation	of	 radon	daughters	and	
high	concentrations	during	early	morning	hours	
con8irms	 the	 strong	 in8luence	 of	 temperature	
and	 humidity	 on	 progeny	 concentrations.	 The	
concentration	of	radon	progeny	during	winter	is	
Table 1. Monthly mean values of radon progeny and other meteorological parameters. 
Month 
(of 2012) 
Number of 
Samples 
Radon progenies                     
concentra#on (mWL) 
Pressure 
(mbar) 
Min Temp  
(
0
C) 
Max Temp 
(
0
C) 
Min RH 
(%) 
Max RH 
(%) 
February 1008 7.82 ± 0.36 970 17.6 35.8 30.5 89.8 
March 2304 4.90 ± 0.25 969 22.0 38.7 24.7 91.6 
April 1296 3.11 ± 0.15 968 24.1 42.2 27.0 90.9 
June 1728 2.22 ± 0.09 945 25.6 38.0 37.5 78.7 
July 1152 0.71 ± 0.03 961 25.7 36.7 40.5 75.3 
August 1872 3.11 ± 0.14 958 24.3 37.8 41.5 85.0 
September 1007 5.77 ± 0.26 968 24.4 38.0 42.2 88.2 
October 1008 6.65 ± 0.30 971 22.8 35.5 49.8 91.8 
November 864 7.02 ± 0.32 972 19.4 36.0 43.2 92.3 
December 1296 6.33 ± 0.21 974 18.4 33.5 48.1 94.8 
Average Total=13535 4.76 ± 0.73 965 22.4 37.2 38.5 87.8 
Table 2. Mean radon progeny concentra	on in few parts of 
India. 
Study Region 
Radon Progeny Concentra#on 
(mWL) 
Present Study 4.76 ± 0.73 
Mysore 
(18) 0.84 
Pune 
(24) 0.99 
Hyderabad 
(25) 0.9 
Mysore (Indoor) 
(26) 1.29 
Nilgiri Biosphere 
(27) 3.54 
Pune 
(28) 0.84 
the	atmosphere	 (14,	 15).	The	diurnal	variations	 in	
the	concentration	of	radon	progenies	were	same	
in	all	months	for	the	entire	measurement	period.	
The	 average	 daily	 pattern	 of	 radon	 progeny	
concentration	 featured	 a	 minimum	 in	 the	 late	
afternoon	and	a	maximum	in	the	early	morning	
hours.	 This	 pattern	 was	 typically	 observed	 on	
sunny	days	of	all	the	months,	when	the	sky	was	
clear,	both	during	day	and	night-time. 
The	concentration	attains	a	maximum	of	7.82	
±	0.36	mWL	in	February	and	a	minimum	of	0.71	
±	 0.03	 mWL	 in	 July.	 The	 concentration	 is	
relatively	 maximum	 during	 winter	 (Dec–Feb)	
and	 reduces	 to	 lower	 values	 in	 summer																									
(March–May)	 and	 still	 low	 during	 monsoon																										
season	 (June–Sept)	 and	 may	 be	 attributed	 to	
several	 factors	 such	 as	 a)	 intense	 temperature	
inversion	 that	 occurs	 during	 winter	 season,	 b)	
enhanced	 vertical	 mixing	 and	 dispersion	 of	 air	
person	during	 summer	 time,	 c)	 the	 rain	 during	
monsoon	 might	 washout	 the	 aerosols	 and	 in																
addition	 to	 the	 dissolving	 of	 radon	 gas	 in																											
precipitation	and	d)	reduction	in	the	emanation	
of	 radon	 from	 soil	 when	 the	 soil	 is	 saturated	
with	 water	 during	 monsoon	 season	 (12,16,18-22).	
The	 detailed	 observation	 of	 radon	 progeny																									
variations	 with	 meteorological	 parameters	 are	
tabulated	in	table	1.		
The	mean	radon	progeny	concentration	in	the	
present	study	is	higher	compared	to	the	results	
obtained	 in	 other	 regions	 (23)	 and	 presented	 in	
table	 2.	 This	 may	 be	 because	 of	 the	 rocky	
terrains	 and	 trapping	 of	 air-masses	 near	 the	
observation	site	due	to	local	topography.		 
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higher	than	in	rainy	and	summer	seasons.		These	
results	 serves	 as	 the	 baseline	 data	 for	 this	
region,	 provides	 useful	 information	 for	 the	
monitoring	 outdoor	 radon	 daughters’	 exposure	
to	 the	 public	 and	 to	 study	 the	 ionization	
processes	in	the	lower	atmosphere.	The	average	
concentration	 of	 radon	 progeny	 in	 the	 study	
region	 is	 little	 higher	 compare	 to	 the	 other	
locations	 in	 India	 and	 this	 may	 be	 due	 to	 the	
rocky	 terrains	 and	 trapping	 of	 air-masses	 near	
the	observation	site.	 	More	systematic	 study	on	
radon	 in	 air,	 soil	 is	 needed	 to	 arrive	 at	 dose																							
exposure	to	the	public.	
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